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NOVEL PROCESSES FOR THE PREPARATION OF 
PERIPHERAL OPIOID ANTAGONIST 

COMPOUNDS AND INTERMEDIATES THERETO 

FIELD OF THE INVENTION 

[0001] The present invention relates to novel processes for 
the preparation of peripheral opioid antagonist compounds, 
as Well as intermediates thereof. 

BACKGROUND OF THE INVENTION 

[0002] The trans-3,4-dimethyl-4-(3-hydroxyphenyl)pip 
eridines are an important class of compounds Which exhibit 
opioid antagonist activity as a result of the 3-methyl sub 
stituent. Alvimopan (i.e., (+)-2-[(S)-benZyl-3-[4(R)-(3-hy 
droxyphenyl)-3(R),4-dimethylpiperidin-1-yl]propiona 
mido]acetic acid), shoWn beloW, represents an example of 
this class of opioid antagonists. This compound is a periph 
erally-active antagonist Which has a high affinity for the 
p-opioid receptor in the lining of the gastrointestinal tract 
and is useful in the treatment of gastro-intestinal motility 
disorders. See, e.g., US. Pat. Nos. 5,270,328; 5,250,542; 
5,159,081; and 5,434,171. 

OH 

\\\\\‘\“ 

/N O 
H O‘ 

N 
H 

O 

Alvimopan 

[0003] A synthesis of Alvimopan, partially outlined in 
FIG. 1, has been described in Werner et al., J. Org. Chem., 
1996, 61, 587. The drug product Was prepared in 12 steps 
and 6.2% yield from 1,3-dimethyl-4-piperidone as starting 
material. The synthesis includes the preparation of a (3R, 
4R)-3,4-dimethyl-4-(3-hydroxyphenyl)-piperidine nucleus 
(A), Which Was achieved in seven steps and 14.4% overall 
yield. While the next step, involving the Michael addition of 
(A) to methyl acrylate to produce intermediate (B), proceeds 
in good yield (96%), alkylation of the dianion of (B) With 
benZyl bromide proceeds With poor diastereoselectivity 
(47:53 mixture of the (3R,4R,otS)- and (3R,4R,otR)-isomers 
of the alkylation products, respectively). Consequently, the 
diastereomers require separation by recrystalliZation of their 
hydrochloride salts from methanol, resulting in loW yields of 
intermediate (C) (34%). The poor diastereoselectivity of the 
alkylation step contributes to the loW overall yield for the 
synthesis of Alvimopan. 
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[0004] In vieW of the importance of Alvimopan and 
related trans-3,4-dimethyl-4-(3-hydroxyphenyl)piperidine 
derivatives and intermediates in the treatment of gastrointes 
tinal motility disorders and other conditions involving 
p-opioid receptors, improved syntheses are needed. Such 
improvements may include, for example, one or more of the 
folloWing: enhanced diastereoselectivity of individual reac 
tion steps, increased product yields, use of loWer cost 
starting materials, loWered energy consumption (e.g., avoid 
ance of reactions conducted at very high or loW temperatures 
or pressures), reduction in the number of synthetic steps, 
improved scale-up conditions, and the like. The methods and 
compositions of the present invention are directed to these, 
as Well as other important needs. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, the present invention is directed, in 
part, to novel processes for preparing Alvimopan and related 
trans-3,4-dimethyl-4-(3-hydroxyphenyl)piperidine deriva 
tives and intermediates thereto. Speci?cally, in one embodi 
ment, there are provided processes for preparing a com 
pound of Formula IIa, a compound of Formula IIb, or a 
mixture thereof: 

\ \\ \\ \\ \\ 

IIb 

\ \\ \\ \\ \\ 

[0006] Wherein: 
[0007] each R1 is, independently, H, alkyl, aryl, 

aralkyl, heteroaryl, or heterocyclyl; 
[0008] each R2 is independently, H or a hydroxyl 

protecting group; 
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[0009] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0010] n is 0 to 5; 

[0011] or a salt thereof, 

[0012] comprising contacting a compound of Formula III: 

III 

; ;OR2 
N 
H 

[0013] With a compound of Formula IVa: 

IVa 

Rlozc OH 

[0014] for a time and under conditions effective to provide 
said compound of Formula Ia, compound of Formula IIb, or 
miXture thereof. 

[0015] Another embodiment relates to processes for pre 
paring a compound of Formula Va, a compound of Formula 
Vb, or a miXture thereof: 

Va 

(RA)n 
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-continued 

\ \\ \\ \\ \\ 

[0016] Wherein: 

[0017] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0018] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0019] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0020] n is 0 to 5; 

[0021] or a salt thereof; 

[0022] comprising providing a compound of Formula IIa, 
a compound of Formula IIb, or a miXture thereof: 

Ha 
0R2 

\\ \\ \\ 
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-continued 

\ \\ \\ \\ \\ 
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[0025] wherein: 
[0026] each R1 is, independently, H, alkyl, aryl, 

aralkyl, heteroaryl, or heterocyclyl; 
[0027] each R2 is, independently, H or a hydroxyl 

protecting group; 
[0028] each RA is, independently, halo, alkyl, halo 

substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0029] n is 0 to 5; 

[0030] or a salt thereof; 

[0031] comprising contacting a compound of Formula III: 

IIb 

III 
OR2 

[0023] substituting the secondary hydroxyl group of said 
compound of Formula Ia, said compound of Formula IIb, or 
said mixture thereof With hydrogen to provide the compound \\\\\\“‘ 
of Formula Va, the compound of Formula Vb, or the mixture 
thereof. 

[0024] Still another embodiment relates to processes for 
preparing a compound of Formula IIc, a compound of 
Formula IId, or a mixture thereof: 

\ \\ \\ \\ \\ 

EZ 

H0 [0032] With a compound of Formula IVb: 

IVb 

[0033] for a time and under conditions effective to provide 
the compound of Formula IIc, the compound of Formula IId, 
or the mixture thereof. 

[0034] Yet another embodiment relates to processes for 
preparing a compound of Formula Va, a compound of 
Formula Vb, or a mixture thereof: 

IId 
Va 

0R2 

\ \\ \\ \\ \\ 

— (RAL. 
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-continued -continued 
IId 

Vb OR2 

OR2 

[0042] substituting the secondary hydroxyl group With 
hydrogen to provide the compound of Formula Va, the 

[0035] Wherein: compound of Formula Vb, or the mixture thereof. 

[0043] Another embodiment relates to processes for pre 
paring a compound of Formula VIIa, a compound of For 
mula VIIb, or a mixture thereof: 

[0036] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0037] each R2 is, independently, H or a hydroxyl 
protecting group; VH3 

OR2 
[0038] each RA is, independently, halo, alkyl, halo 

substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

\ \\ \\ \\ \\ 

[0039] n is 0 to 5; 

[0040] or a salt thereof; 

[0041] comprising providing a compound of Formula IIc, 
a compound of Formula IId, or a mixture thereof: 

VIIb 

\ \\ \\ \\ \\ 
\ \\ \\ \\ \\ 

N 0 R4 R5 

HO \ 
— (RAL. 
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[0044] wherein: 

[0045] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; [Xa 

2 

[0046] each R2 is, independently, H or a hydroXyl OR 
protecting group; 

[0047] each R4, R5, and RN is, independently, H, 
alkyl, or aralkyl; \\\\\\“‘ 

[0048] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, N O R4 R5 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 0R1 
amino, nitro, cyano, or SR, Wherein each R is, N 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or AN 0 
heterocyclyl; and 

\ 
[0049] n is 0 to 5; I —(RA)n 

[0050] or a salt thereof; / 

0051 com risin contactin acom ound of Formula III: IXb P g g P 
QR2 

III 0R2 

N 
H 

[0052] With a compound of Formula VIIIa: [0055] wherein: 

[0056] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0057] each R2 is, independently, H or a hydroXyl 
R4 R5 0 OH Vma protecting group; 

R10 \ [0058] each R4, R5, and RN is, independently, H, 
T _(RA) alkyl, or aralkyl; 

0 RN 
[0059] each RA is, independently, halo, alkyl, halo 

substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 

[0053] foratime and under conditions effective to provide amino, Intro, cyano, or SR, wherein each R is, 
said compound of Formula VIIa, said compound of Formula independently, H, alkyl, aryl, aralkyl, heteroaryl, 0r 
VIIb, or said mixture thereof. heterocyclyl; and 

[0054] Yet another embodiment relates to processes for [0060] n is 0 to 5; 
preparing a compound of Formula IXa, a compound of 
Formula IXb, or a miXture thereof: [0061] or a salt thereof; 
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[0062] comprising providing a compound of Formula 
VIIa, a compound of Formula VIIb, or a mixture thereof: 

VIIc 
0R2 

VIIa “N 

0R2 

N 0 R4 R5 

0R1 
N 

| 
RN 0 

HO \ 
| —<RA>H 

VIId 
0R2 

VIIb 
OR2 

[0065] Wherein: 

[0066] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0067] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0068] each R4, R5, and RN is, independently, H, 
alkyl, or aralkyl; 

[0069] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 

[0063] substituting the secondary hydroXyl group of said heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
compound of Formula VIIa, said compound of Formula 
VIIb, or said miXture thereof With hydrogen to provide said 
compound of Formula IXa, said compound of Formula IXb, 
or said miXture thereof. 

[0064] Still another embodiment relates to processes for 

NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0070] n is 0 to 5; 
preparing a compound of Formula VIIc, a compound of 
Formula VIId, or a mixture thereof: [0071] or a salt thereof; 



US 2004/0254377 A1 

[0072] comprising contacting a compound of Formula III: 

III 
0R2 

\ \\ \\ \\ \\ 

[0073] With a compound of Formula VIIb: 

VIIIb 

R10 

[0074] for a time and under conditions effective to provide 
said compound of Formula VIIc, said compound of Formula 
VIId, or said mixture thereof. 

[0075] Another embodiment relates to processes for pre 
paring a compound of Formula IXa, a compound of Formula 
IXb, or a mixture thereof: 

\ \\ \\ \\ \\ 
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-continued 
IXb 

0R2 

\ \\ \\ \\ \\ 

[0076] Wherein: 

[0077] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0078] each R2 is, independently, H or a hydroxyl 
protecting group; 

[0079] each R4, R5, and RN is, independently, H, 
alkyl, or aralkyl; 

[0080] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0081] n is 0 to 5; 

[0082] or a salt thereof; 

[0083] comprising providing a compound of Formula 
VIIc, a compound of Formula VIId, or a mixture thereof: 

VIIc 
0R2 

\\\“ 

N 0 R4 R5 

OR1 

I 
RN 0 

HO \ 
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[0086] wherein: 
‘Continued [0087] each R1 is, independently, H, alkyl, aryl, 

VHd aralkyl, heteroaryl, or heterocyclyl; 

[0088] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0089] each R4, R5, and RN is, independently, H, 
alkyl, aryl, or aralkyl; 

[0090] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0091] n is 0 to 5; 

[0092] or a salt thereof; 

[0093] comprising contacting a compound of Formula III: 

\ \\ \\ \\ \\ 

III 
OR2 

[0084] substituting the secondary hydroXyl group With 
hydrogen to prepare said compound of Formula IXa, said 
compound of Formula IXb, or said mixture thereof. 

[0085] Yet another embodiment of the invention relates to “W 
processes for preparing a compound of Formula IXa, a ‘\ 
compound of Formula IXb, or a miXture thereof: 

IX 
OR2 a g 

[0094] With a compound of Formula XII: 

\\\\\““ XII 
R4 R5 0 

R10 
N \ 

N 0 R4 R5 I —(RA)n 
0R1 0 RN / 

T 
RN 0 [0095] for a time and under conditions effective to prepare 
\ the compound of Formula IXa, the compound of Formula 

I _(RA)H IXb, or the mixture thereof. 
[0096] Another embodiment of the invention relates to 

IXb compounds of Formula IIa: 
0R2 

Ha 

\ \\ \\ \\ \\ 
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[0097] wherein: 

[0098] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0099] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0100] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0101] n is 0 to 5; 

[0102] or a salt thereof. 

[0103] Still another embodiment of the invention relates to 
compounds of Formula IIb: 

IIb 
0R2 

\ \\ \\ \\ \\ 

[0104] Wherein: 

[0105] each R1 is, independently, H alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0106] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0107] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0108] n is 0 to 5; 

[0109] or a salt thereof. 
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[0110] Yet another embodiment of the invention relates to 
compounds of Formula IIc: 

[0111] Wherein: 

[0112] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0113] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0114] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0115] n is 0 to 5; 

[0116] or a salt thereof. 

[0117] Another embodiment of the invention relates to 
compounds of Formula IId: 

IId 
0R2 

\ \\ \\ \\ \\ 
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[0118] wherein: 

[0119] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0120] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0121] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0122] n is 0 to 5; 

[0123] or a salt thereof. 

[0124] Yet another embodiment of the invention relates to 
compounds of Formula VIa: 

VIa 

[0125] Wherein: 

[0126] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0127] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0128] each R3 is, independently, a hydroXyl activat 
ing group; 

[0129] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0130] n is 0 to 5; 

[0131] or a salt thereof. 
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[0132] Another embodiment of the invention relates to 
compounds of Formula VIb: 

\ \\ \\ \\ \\ 

[0133] Wherein: 

[0134] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0135] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0136] each R3 is, independently, a hydroXyl activat 
ing group; 

[0137] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0138] n is 0 to 5; or 

[0139] 
[0140] Yet another embodiment of the invention relates to 
compounds of Formula VIc: 

a salt thereof. 

VIc 
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[0141] wherein: 

[0142] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0143] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0144] each R3 is, independently, a hydroXyl activat 
ing group; 

[0145] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0146] n is 0 to 5; 

[0147] or a salt thereof. 

[0148] Still another embodiment of the invention relates to 
compounds of Formula VId: 

[0149] Wherein: 

[0150] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0151] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0152] each R3 is, independently, a hydroXyl activat 
ing group; 

[0153] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0154] n is 0 to 5; 

[0155] or a salt thereof. 

Dec. 16, 2004 

[0156] Another embodiment of the invention relates to 
compounds of Formula XIa: 

XIa 
0R2 

\ \\ \\ \\ \\ 

Z 

/ 
— (RAL. 

[0157] Wherein: 

[0158] each R1’ is, independently, —C(O)X, and X is 
halo, —ORl, or —OC(O)R1; 

[0159] each R1 is, independently, H, alkyl, aryl, 
aralkyl, heteroaryl, or heterocyclyl; 

[0160] each R2 is, independently, a hydroXyl protect 
ing group; 

[0161] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0162] n is 0 to 5; 

[0163] or a salt thereof. 

[0164] Yet another embodiment of the invention relates to 
compounds of Formula XIb: 

\ \\ \\ \\ \\ 

/ 
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[0165] wherein: [0180] Another embodiment of the invention relates to 
, _ _ _ compounds of Formula VIIb: 

[0166] each R1 is, independently, —C(O)X, and X is 

[0167] each R1 is, independently, H, alkyl, aryl, 0R2 Vnb 
aralkyl, heteroaryl, or heterocyclyl; 

[0168] each R2 is, independently, a hydroXyl protect 
ing group; 

[0169] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0170] n is 0 to 5; 

[0171] or a salt thereof. 

\ \\ \\ \\ \\ 

[0172] Still another embodiment of the invention relates to 
compounds of Formula VIIa: 

[0181] Wherein: 
Vna [0182] each R1 is, independently, H, alkyl, aryl, 

0R2 aralkyl, heteroaryl, or heterocyclyl; 

[0183] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0184] each R4, R5, and RN is, independently, H, 
alkyl, or aralkyl; 

[0185] each RA is, independently, halo, alkyl, halo 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, 
amino, nitro, cyano, or SR, Wherein each R is, 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or 
heterocyclyl; and 

[0186] n is 0 to 5; 

[0187] or a salt thereof. 

[0188] Yet another embodiment of the invention relates to 
compounds of Formula VIIc: 

\ \\ \\ \\ \\ 

[0173] Wherein: 
VII 

[0174] each R1 is, independently, H, alkyl, aryl, 0R2 0 
aralkyl, heteroaryl, or heterocyclyl; 

[0175] each R2 is, independently, H or a hydroXyl 
protecting group; 

[0176] each R4, R5, and RN is, independently, H, \\ 
alkyl, or aralkyl; 

[0177] each RA is, independently, halo, alkyl, halo- N 0 R4 R5 
substituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, 1 

heterocyclyl, OR, C(O)R, C(O)OR, OC(O)R, NW“ 
NHC(O)R, NHSOZR, SOZNRR, aminocarbonyl, | 
amino, nitro, cyano, or SR, Wherein each R is, RN 0 
independently, H, alkyl, aryl, aralkyl, heteroaryl, or \ 
heterocyclyl; and HO I _(RA) 

[0178] n is 0 to 5; / 

[0179] or a salt thereof. 
































































































































